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The chiral anomaly in Weyl semimetals states that the left- and right-handed Weyl fermions,
constituting the low energy description, are not individually conserved, resulting, for example, in
a negative magnetoresistance in such materials. Recent experiments see strong indications of such
an anomalous resistance response; however, with a response that at strong fields is more sharply
peaked for parallel magnetic and electric fields than expected from simple theoretical considerations.
Here, we uncover a mechanism, arising from the interplay between the angle-dependent Landau-level
structure and long-range scalar disorder, that has the same phenomenology. In particular, we ana-
lytically show, and numerically confirm, that the internode scattering time decreases exponentially
with the angle between the magnetic field and the Weyl node separation in the large field limit,
while it is insensitive to this angle at weak magnetic fields. Since, in the simplest approximation,
the internode scattering time is proportional to the anomaly-related conductivity, this feature may
be related to the experimental observations of a sharply peaked magnetoresistance.
Weyl semimetals are a recently realized family of
materials1–4 in which the band dispersion is linear and
crosses in points at the Fermi level5. At low energy an
effective description in terms of massless and chiral (left-
or right-handed) relativistic Weyl fermions thus emerges.
The field theory of such fermions realizes the chiral
anomaly6,7, with left- and right-handed Weyl fermions
not individually conserved. In condensed-matter sys-
tems, where particle number conservation is manifest,
this necessitates an equal number of fermions of each
handedness; Weyl fermions consequently always come
in pairs8–10. The anomaly is driven by non-orthogonal
magnetic and electric fields that transmute one handed-
ness into the other via bulk chiral Landau levels11. Weyl
semimetals are also topological, which leads to stable sur-
face states with Fermi arcs12,13. The combination of rel-
ativistic Weyl dispersion, chiral anomaly and Fermi arcs
results in various distinctive transport properties, such
as quantum oscillations from Fermi arcs14–16, resonant
transparency17, and nonlocal valley currents18.
A further experimentally relevant consequence of the
chiral anomaly, a large negative magnetoresistance, was
realized by Nielsen and Ninomiya and discussed in their
lucid 1983 paper11. The longitudinal magnetoconductiv-
ity takes the form
σii = f(B) τv (1)
with f(B) ∝ B in the quantum limit with quantized
Landau levels11 and f(B) ∝ B2 in the semiclassical
limit19,20, where this quantization can be neglected. Im-
portantly, it is the internode scattering time τv—the time
for scattering between different chiralities, which is gen-
erally much larger than the intranode chirality preserving
scattering time τc—that enters, resulting in an unusually
large magnetoresistance. Early transport experiments
have obtained results consistent with this prediction21–27
(albeit in some cases interpreted as a result of current
jetting27), although not all features of these experiments
are fully understood. Measurements for Na3Bi, where
two Dirac nodes split up into four Weyl nodes due to
Zeeman coupling, show a strong angular dependence of
the conductivity21, which at weak magnetic field is con-
sistent with expectations, but at large magnetic field it
is even much more strongly peaked at parallel electric
and magnetic fields than can be explained assuming an
angle-independent internode scattering time28.
In this work we address this observation by studying
the angular dependence of the magnetoresistance in the
presence of long-range disorder, extending previous work
on the interplay of long-range disorder and magnetic field
in Weyl semimetals29–32. We show analytically that,
within the Born approximation, the internode scatter-
ing time τv is exponentially reduced when the magnetic
field is tilted away from the momentum-space separation
of the Weyl nodes33. We limit ourselves to the simplest
case of two Weyl fermions of opposite chirality separated
in momentum space by the vector b. The essential reason
for the observed effect is understood from noting that tilt-
ing the magnetic field B = B er away from b reduces the
effective node separation to br = b ·er. In the presence of
long-range disorder, the internode scattering time decays
rapidly with decreasing node separation, since this corre-
sponds to a large momentum transfer, resulting, via the
relation (1), to sharply peaked magnetoresistance. The
long-range nature of the disorder potential is essential—
for short-range disorder the separation in momentum
space does not influence the scattering rate18. In ad-
dition to this effect, there is a slightly more subtle effect
due to the shift of the Landau-level wave-function-center
with momentum, which affects the internode scattering
time in the opposite direction by increasing the real space
distance between the closest states in momentum space.
Remarkably, these two effects counterbalance each other
at low magnetic field (magnetic length `B  ξ the disor-
der correlation length) such that the internode scattering
time is independent of the angle. At large magnetic field
(`B  ξ) the shift of the node separation dominates and
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2results in the aforementioned exponential decrease of the
internode scattering time τv.
The argument just given is valid for low energies where
the chemical potential µ <
√
2 ~v/`B such that one can
ignore all but the lowest Landau level. In this limit
we provide explicit analytical results, and further extend
them to higher energies, with the results remaining qual-
itatively the same, by taking into account scattering be-
tween different Landau levels. This provides the detailed
chemical potential dependence of the magnetoresistance.
Finally, these quantum limit results are confirmed by a
numerical computations of the conductance at zero en-
ergy, using a transfer matrix technique34.
Given that we are interested in the internode scattering
time τv = −~/ImΣRχ 6=χ′ , with χ denoting the chirality, we
need to compute the self-energy Σ. The Weyl Hamilto-
nian describing two Weyl nodes in a magnetic field is
H = v (~k+ eA) · σ τz + V, (2)
where σ is the vector of Pauli matrices and ~k is the
momentum measured from the Weyl points that are sep-
arated by a vector b = b ez. The Pauli matrices τµ act
in the space of chiralities. The disorder potential V has
Gaussian correlations
⟪V (r)V (r′)⟫ = K0
(2pi)3/2
(
~v
ξ
)2
exp
[
−|r− r
′|2
2 ξ2
]
(3)
of dimensionless strength K0, with ⟪·⟫ denoting the dis-
order average. The vector potential A lies in the y–z-
plane with
B = B er, A = B x eθ (4)
er = cos θ ez + sin θ ey, eθ = cos θ ey − sin θ ez. (5)
In a clean system V = 0, the two chiralities are decou-
pled and their eigenfunctions can be found separately.
Rotating the 2 × 2 Hamiltonian of chirality χ allows us
to express it in terms of creation and annihilation oper-
ators in a Landau-level basis35,36
Hχ = χ~v
`B
(
`B kr i
√
2 akθ
−i√2 a†kθ −`B kr
)
, (6)
with the magnetic length `B =
√
~/(eB), rotated mo-
menta kr,θ = k · er,θ, and annihilation operator
akθ =
1√
2
(
x
`B
+ `B kθ + i `B kx
)
. (7)
The energy spectrum consists of dispersive Landau levels,
which at positive energy are given by
Eχn>0 = ~ωB
√
2n+ `2Bk
2
r , E
χ
0 = χ ~v kr (8)
where the cyclotron frequency ωB = v/`B . The corre-
sponding eigenstates are37,38
|Φχn>0k‖〉 =
1√
Nχ
(
−i√2n |n− 1〉
`B kr − χ
√
2n+ `2Bk
2
r
, |n〉
)T
(9)
|Φχ0k‖〉 = (0, |0〉)
T
(10)
with Nχ = 2
√
2n+ `2Bk
2
r/(
√
2n+ `2Bk
2
r − χ`Bkr) a
normalization constant. The wave functions describing
the eigenstates of the number operator a†kθakθ |n〉 = n |n〉,
〈x,k‖|n〉 = ψn (x/`B + `B kθ) /
√
`B , are proportional to
the Hermite functions ψn centered at x = −`2B kθ, such
that the position along x and the momentum along eθ
are locked. While the energies depend only on the sin-
gle momentum component kr, the wave functions depend
only on kθ. Lines of equal energy are parallel to ky when
θ = 0 and tilt towards kz when θ increases
16.
We corroborate these low energy results by calculat-
ing the band structure in a tight-binding system with a
low-energy bulk dispersion that is well reproduced by two
isolated Weyl nodes39. The Fermi-arc structure16 is cap-
tured by taking the system finite in the x direction. A
magnetic field in the y-z plane changes the linear disper-
sion to a Landau-level structure with momentum-space
separation of the chiralities br = b cos θ [see Fig. 1(a)].
At low energies µ <
√
2~ωB , the Fermi surface consists of
the two zeroth Landau levels (tilted lines) that are con-
nected by Fermi arcs (at fixed ky) [see Fig. 1(b)]. As the
zeroth Landau levels tilt towards kz with increasing angle
between the magnetic field and node separation, the dis-
tance in real space δx = `2B δkθ, with kθ measured from
the Weyl nodes in absence of a magnetic field, simultane-
ously increases for those states with minimal momentum-
space distance.
The essential reason for the enhanced internode scat-
tering can now be intuitively understood from the band
structure: for a disorder potential with long-range corre-
lations, the amplitude for internode scattering increases
when the magnetic field is tilted away from the Weyl-
node momentum axis, due to the reduced momentum-
space distance br, while simultaneously decreasing be-
cause of the increased real-space distance δx. To sub-
stantiate this argument, we explicitly calculate the self-
energy.
The disorder-induced self-energy correction for a Lan-
dau level of certain chirality can be split up into two con-
tributions: scattering within the chirality, which defines
the intranode scattering time τc, and scattering between
different chiralities, which defines the internode scatter-
ing time τv. These corrections are expressed to lowest
order in the disorder potential via the Born approxima-
tion, with k‖ = (kr, kθ),
Σmχχ′(iωn,k‖) =
∑
m′,k′r
Gm′χ′(iωn, k′r)
∑
k′θ
Γχχ
′
mm′ (11)
with the disorder correlation in the Landau-level basis
Γχχ
′
mm′ = ⟪〈Φχmk‖ |V |Φχ′m′ k′‖〉〈Φχ′m′ k′‖ |V |Φχmk‖〉⟫ (12)
and the Green’s function of the clean system
Gmχ(iωn, kr) = 1/(iωn − Eχm). The splitting up of the
momentum summation in this expression is possible since
the energies only depend on the momentum component
3(b)(a)
FIG. 1. (a) Energy dispersion of a tight binding system39,
specified in Appendix A, with two Weyl nodes separated by
b = pi ez, as a function of kr, and (b) Fermi surface at a
chemical potential µ = −0.05 t and a magnetic field of B =
B cos θ ez + B sin θ ey for two different angles θ with `B =
14.1 a, and a the lattice constant. The system is finite in
the x direction with L = 768 sites and infinite in the other
two directions. The dashed lines in the energy dispersion (a)
show the position of the zeroth Landau level at zero energy
expected from the continuum model, at kra = ±pi/2 cos θ.
The positions of the Weyl nodes in absence of a magnetic
field are indicated by gray circles in (b).
k′r. The diagonal elements of Σ with χ = χ
′ give intra-
node scattering, while off-diagonal elements with χ 6= χ′
give internode scattering. Inserting the Gaussian corre-
lation of Eq. (3),
Γχχ
′
mm′ =
K0 ~2v2√
2pi L2
e
− 12
(
ξ δqχχ
′
‖
)2 ∫
dx dx′ e−
(x−x′)2
2 ξ2 (13)
× Φχ †mk‖(x) Φ
χ′
m′ k′‖
(x) Φχ
′ †
m′ k′‖
(x′) Φχmk‖(x
′),
where δqχχ
′
‖ = k‖ − k′‖ − (χ − χ′)b/2 is the momentum
transfer between the involved states. Scattering is there-
fore dominated by small momentum transfer δqχχ
′
‖ ≈ 0.
Note that Φχnk‖(x) = 〈x|Φ
χ
nk‖
〉 are two-component wave
functions.
In the ultra-quantum limit at energies µ <
√
2 ~ωB ,
it is sufficient to compute Γχχ
′
mm′ by including scattering
only between zeroth Landau levels. With the wave func-
tions (10), the disorder correlations (13) simplifies to
Γχχ
′
00 =
K0 ~2v2√
2pi L2
ξ√
`2B + ξ
2
e
− 12
(
ξ δqχχ
′
‖
)2− 12 `2B (kθ−k′θ)2 .
(14)
The self-energy correction for scattering within the same
chirality is now straightforward. Integration over mo-
menta k′‖ results in an inverse intranode scattering time
1
τc
= −1
~
Im Σ0Rχχ
∣∣
kr=χ
ε
~v
=
K0
4pi
v
ξ
ξ2
`2B + ξ
2
. (15)
For the internode scattering time the momentum differ-
ence between the chiralities is enlarged by the node sep-
0 /4 /2 3 /4
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FIG. 2. Ratio of inter- and intranode scattering times τv/τc,
for two isolated Weyl nodes in the presence of long-range dis-
order, as a function of the angle θ between the node separation
b and the externally applied magnetic field B. The ratio is
evaluated at µ = 0 with a node separation ξ b = 4. The color
scale shows different magnetic field strengths given by `2B/ξ
2,
with the two limits `B/ξ → 0 and `B/ξ →∞ described in the
main text.
aration, resulting in
1
τv
=
K0
4pi
v
ξ
ξ2
`2B + ξ
2
e
− 12 ξ2
[
( 2µ~v −br)
2− `
2
B
`2
B
+ξ2
b2θ
]
(16)
with br,θ = b · er,θ. The ratio of inter- and intranode
scattering time at zero energy is therefore
τv
τc
= exp
[
1
2
ξ2 b2
(
cos2 θ +
`2B
`2B + ξ
2
sin2 θ
)]
. (17)
In the limit of small magnetic fields, `B  ξ, the ratio
does not depend on the angle θ between the node separa-
tion and magnetic field. In contrast, for large magnetic
fields, `B  ξ, the ratio decreases exponentially when
the magnetic field is tilted away from the node separa-
tion. This functional behavior is illustrated in Fig. 2, and
constitutes one of our main results.
To extend our results to energies larger than
√
2 ~ωB ,
where higher Landau levels are occupied, a full solution
for the disorder correlation (13) is needed. The integrals
over both momentum components are similar to those
appearing in the treatment of the integer quantum Hall
effect40, resulting in analogous expressions. Since the
full analytical expression is too complicated to give ad-
ditional insight, we relegate its display to Appendix B.
In Fig. 3(a) we show the ratio of the internode scatter-
ing times with the node separation orthogonal and par-
allel to the magnetic field, τv(θ = pi/2)/τv(θ = 0), as a
function of the chemical potential for different magnetic
field strengths. As in the ultra quantum limit, the change
of the internode scattering time is more pronounced for
large fields. For small `B/ξ, the decrease persists up to
higher energies than for large `B/ξ. The behavior for
energies in the ultra-quantum limit with µ <
√
2~ωB
4FIG. 3. Ratio of internode scattering times τv(θ)/τv(θ = 0)
at different tilt angles θ as a function of the chemical potential
µ, evaluated away from the ultra quantum limit, at (a) θ =
pi/2 and (b) θ = pi. The opaque lines show temperature-
broadened results (with τv(µ) = −
∫
dωτT=0v (ω)∂nF /∂ω and
T = 0.067 ~ωB) for a better visibility of the overall trend,
while the semitransparent lines in the background show zero-
temperature results. The node separation at zero field is fixed
to b ξ = 10. The dashed gray line depicts a ratio of 1 as a
guide for the eyes.
can be best understood from Eq. (16), which gives a
linearly increasing logarithm of the ratio due to the re-
duced momentum-space distance with increasing energy.
In Fig. 3(b), we further compare the ratio of scattering
times for the node separation anti-parallel and parallel
to the applied field. These two scattering times are not
identical due to the dispersion of the zeroth Landau lev-
els: their momentum-space separation is reduced when
µ > 0, while changing the direction of the magnetic field
B→ −B reverses this effect and increases the node sep-
aration when µ > 0. This effect could be visible in exper-
iments since other reasons for an angle-dependent mag-
netoresistance, such as non-isotropic Fermi velocities, do
not change upon reversing the magnetic field direction.
We verify the approximation that the internode scat-
tering time is the relevant transport time, and thereby
our results, by numerically calculating the conductance
using a transfer matrix representation34,41 of the solu-
tions of the Weyl equation Hψ = E ψ, previously em-
ployed for disordered Weyl nodes in the absence of a
magnetic field42–45. A random scattering potential with
correlations as in Eq. (3) is transformed into the Landau-
level basis and added to the Hamiltonian in terms of
the raising and lowering operators, Eq. (6). The de-
tails of this approach are given in Appendix C. With this
method, we obtain the matrix of transmission amplitudes
t for a system that has periodic boundary conditions in
the transverse x and y directions and a finite length L
in the z direction; the conductance is then given by the
Landauer formula
G =
e2
h
Tr
[
t†t
]
. (18)
In Fig. 4(a), we show the dimensionless resistance R¯ =
(a) (b)
FIG. 4. Numerically obtained resistance for two isolated Weyl
cones with long-range internode disorder at zero chemical po-
tential. (a) The disorder-averaged dimensionless resistance
R¯ normalized by the number of modes increases with the
system size with constant slope ρ¯ = ∂R¯/∂L. The slope is
proportional to the inverse scattering time τ−1v and therefore
linearly increases with disorder strength K0. (b) The log-
arithm of the derivative ξ ∂ρ¯/∂K0 scales quadratically with
ξ br. Circles represent numerical results, and the dotted line
shows the results from the analytical expectation given in
Eq. (19). All numerical data are averaged over 200 different
disorder realizations.
G−1N e2/h, normalized by N transverse modes, for fixed
node separation bξ and ratio `B/ξ, as a function of sys-
tem length for various disorder strengths. The resistance
increases linearly with L, giving a constant resistivity
ρ¯ = ∂R¯/∂L. For small disorder strength K0 . 1, ρ¯
increases linearly with K0. Figure 4(b) shows the dimen-
sionless quantity ξ ∂ρ¯/∂K0 as a function of the squared
effective node separation b2r = b
2 cos2 θ, where we in-
cluded the analytical expectation
ξ
∂ρ¯
∂K0
= 2
1
K0
ξ
v
τ−1v (19)
as a guide for the eye. The good agreement provides a
numerical confirmation of the main finding of this work:
magnetotransport is not just dominated by the size of
the node separation itself, but also by the tunable angle
between applied magnetic field and the node separation.
In conclusion, we find that the internode scattering
time in Weyl semimetals at zero energy exponentially
decreases when an external magnetic field is tilted away
from the Weyl node separation. For small magnetic
fields, this drop vanishes and the internode scattering
time is angle independent. Numerically, we confirm that
the internode scattering time is the relevant transport
time and proportional to the conductivity. Away from
the ultra-quantum limit, where transport is dominated
by the zeroth Landau level, the internode scattering time
remains angle dependent, and decreases for large mag-
netic fields tilted away from the Weyl node separation.
The angle-dependent internode scattering time may be
5related to the experimentally observed sharply peaked
magnetoresistance at large magnetic fields. Our predic-
tions can, in principle, be experimentally confirmed by
measuring the conductivity along the axis of parallel elec-
tric and magnetic fields with all fields tilted against the
node separation. The predictions can be extended for a
larger number of Weyl nodes. The behavior presented in
this work especially applies when the separation between
pairs of Weyl nodes is smaller than the separation of the
pairs, cf. Appendix D. The difference in conductivity for
magnetic fields parallel and anti parallel to the node sep-
aration is another experimentally accessible signature.
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Appendix A: Tight-binding Hamiltonian
The Hamiltonian used for the tight-binding results in
the main text is39
H = t [sin(kxa)σx + sin(kya)σy] +Mk σz (A1)
with Mk = t [2− cos(kxa)− cos(kya)] + t cos(kza), real-
ized on a cubic lattice with lattice constant a. Its energy
dispersion exhibits two isotropic Weyl nodes with veloc-
ity t at kza = ±pi/2. A magnetic field in the y-x-plane is
introduced via minimal coupling.
Appendix B: Scattering between different Landau
levels
To include scattering between Landau levels m and m′
in the self energy calculation, we insert the eigenspinors
|Φχn>0k‖〉 =
1√
Nχ
(
−i√2n |n− 1〉
`B kr − χ
√
2n+ `2Bk
2
r
, |n〉
)T
(B1)
|Φχ0k‖〉 = (0, |0〉)
T
(B2)
into the expression for the disorder correlator in Landau
level basis to obtain∑
k′θ
Γχχ
′
mm′ =
K0
2pi L
~2v2
ξ
ξ2
`2B + ξ
2
e−
1
2 ξ
2δk2r
NmNm′
(B3)
×
[
Im,m
′
m,m′ + 2 ζ I
m−1,m′−1
m,m′ + ζ
2 Im−1,m
′−1
m−1,m′−1
]
,
where the integrals
In
′m′
nm =
ξ√
2pi
`2B + ξ
2
ξ2
∫
dk′θ dxdx
′ e−
1
2 ξ
2δk2θ− (x−x
′)2
2 ξ2
× φnkθ (x)φmk′θ (x)φm′ k′θ (x′)φn′ kθ (x′), (B4)
independent of k′r,
ζ =
√
2m
`B kr − χ
√
2m+ `2Bk
2
r
√
2m′
`B k′r − χ′
√
2m′ + `2Bk′r
2
,
(B5)
and φnkθ (x) = ψn(x/`B + `B kθ)/
√
`B . We substitute
x
`B
+ `B
kθ + k
′
θ
2
→ x
x′
`B
+ `B
kθ + k
′
θ
2
→ x′
1√
2
`B (k
′
θ − kθ)→ qθ (B6)
to obtain
In
′m′
nm =
`2B + ξ
2
√
pi ξ `B
∫
dqθdxdx
′ ψn
(
x− qθ√
2
)
ψm
(
x+ qθ√
2
)
×ψm′
(
x′ + qθ√
2
)
ψn′
(
x′ − qθ√
2
)
e
− 12
`2B
ξ2
(x−x′)2− 12 ξ2 δk2θ
(B7)
The integration over the real space coordinates is decou-
pled using
e
− 12
`2B
ξ2
(x−x′)2
=
1√
pi
ξ
`B
∫
dqx e
− ξ2
`2
B
q2x+
√
2 i qx (x−x′)
,
(B8)
which allows to rewrite
In
′m′
nm =
`2B + ξ
2
pi `2B
∫
dqx dqθe
− ξ2
`2
B
q2x− 12 ξ2δk2θI+nm I−n′m′
(B9)
with the two independent integrals over real space46
I±nm =
∫
dxψn
(
x− qθ√
2
)
ψm
(
x+ qθ√
2
,
)
e±i
√
2 qxx
=
√
min(n,m)!
max(n,m)!
e−
1
2 (q
2
x+q
2
θ) L
(|n−m|)
min(n,m)
(
q2x + q
2
θ
)
× (±i qx − sgn (m− n) qθ)|n−m|, (B10)
where L
(α)
n are the Associated Laguerre polynomials. To
solve the momentum integration in Eq. (B9), we intro-
duce polar coordinates qx = q sinϕ, qy = q cosϕ. For
all cases of interest that appear in Eq. (B3), the product
I+nm I−n′m′ depends only on the radial coordinate q. Since
the momenta kθ, k
′
θ are measured from the Weyl points,
the momentum difference between the states involved is
δkθ =
√
2 qθ/`B for intranode and δkθ =
√
2 (qθ ± b˜θ)/`B
for internode scattering, with b˜θ = `B bθ/
√
2. Focusing
on internode scattering, the integral over ϕ in Eq. (B9)
gives
In
′m′
nm = 2 (1+γ)
∫
dq q e−γ (q
2+b˜2θ) I0
(
2 γ b˜θ q
)
I+nm I−n′m′
(B11)
6with the modified Bessel function of the first kind I0 and
γ = ξ2/`2B . We substitute s = q
2 and use the abbrevia-
tions α = |n−m| = |n′−m′| (with the restriction coming
from Eq. (B9)), p = min(n,m) and l = min(n′,m′)
In
′m′
nm =2 (1 + γ)
√
p! `!
(p+ α)! (`+ α)!
e−γ b˜
2
θ (B12)
×
∫
ds I0(2 γ b˜θ
√
s) e−(1+γ) ssα L(α)p (s)L
(α)
l (s)
To solve the integral over s, we rewrite the product of
Laguerre polynomials as a double sum
L(α)p (s)L
(α)
` (s) =
p∑
i=0
∑`
j=0
(−1)i+j
(
`+ α
`− i
)(
p+ α
p− i
)
si+j
i! j!
(B13)
such that
In
′m′
nm =
(1 + γ)
√
p! `! e−γ b˜
2
θ√
(p+ α)! (`+ α)!
p∑
i=0
∑`
j=0
(−1)i+j
i! j!
(
`+ α
`− i
)
×
(
p+ α
p− i
)∫
ds I0(2 γ b˜θ
√
s) sα+i+j e−(1+γ)s (B14)
The integral over s is obtained in terms of Laguerre poly-
nomials as∫
ds sα+i+j e−(1+γ)s I0(2 γ b˜θ
√
s)
=
(α+ i+ j)!
(1 + γ)1+α+i+j
e
γ2 b˜2θ
1+γ Lα+i+j
(
−γ2 b˜2θ1+γ
)
(B15)
Changing back b˜θ = `B bθ/
√
2 finally gives for internode
scattering
In
′m′
nm = e
− 12
ξ2`2B
ξ2+`2
B
b2θ
√
p! (`+ α)!
`! (p+ α)!
p∑
i=0
∑`
j=0
(−1)i+j
(1 + γ)α+i+j
×
(
`
j
)(
α+ i+ j
α+ j
)(
p+ α
p− i
)
Lα+i+j
(
− 12 ξ
4
ξ2+`2B
b2θ
)
.
(B16)
One has to be careful when numerically evaluating In
′m′
nm
since the terms to be summed are exponentially large
with alternating signs. For internode scattering at bθ =
0, the integral (B9) evaluates to the closed form47
In
′m′
nm =
√
(p+ α)! `!
(`+ α)! p!
(
p+ `+ α
`
)
γ`+p
(1 + γ)`+p+α
(B17)
× 2F1
(
−p,−`;−p− `− α; γ2−1γ2
)
.
with the hypergeometric function 2F1. Ultimately, we
want to compute the self-energy correction
Σmχχ′(iωn,k‖) =
∑
m′,k′r
Gm′χ′(iωn, k′r)
∑
k′θ
Γχχ
′
mm′ (B18)
which requires another integration over the momentum
component k′r. This integral results from noting that
the integrand is the imaginary part of the clean single-
particle Green’s function, ImGRmχ, which is a delta func-
tion. The analytical results sketched here are used to
compute the angle-dependence of the internode scatter-
ing time shown in the main text.
Appendix C: Transfer matrix method for a system
with Landau levels
We are looking for solutions of the Weyl equation
Hψ = E ψ, in particular at zero energy. In a basis of left-
and right-moving channels, such that ∂H/∂pz = v σz, the
Weyl equation takes the form
ξ ∂z ψ =
[
i
E − Vc − Vv σxτx
~ωξ
σz + ξ b · (−σy, σxτz, i τz)
− ξ
`B
(
a
σx + iσyτz√
2
+ a†
σx − iσyτz√
2
)]
ψ, (C1)
with the formal solution
ψ(z) = T (z, z′)ψ(z′) (C2)
and the transfer matrix
T (z, z′) =Pz′′ exp

z′∫
z
dz′′
ξ
i
(
E − Vc − Vv σxτx
~ωξ
)
σz
− ξ
`B
(
a
σx + iσyτz√
2
+ a†
σx − iσyτz√
2
)
+ξ b · (−σy, σxτz, i τz)} (C3)
where Pz′′ denotes position ordering. Two different dis-
order potentials are included here: Vc scatters within the
same chirality and is responsible for intranode relaxation,
while Vv scatters between different chiralities and is re-
sponsible for internode relaxation. The intranode poten-
tial Vc does not influence the conductance, but the effect
of Vv is investigated in the main text of this paper. Note
that the disorder potential must be transformed to the
Landau level basis,
V nmc =
∫
dxφnky+
qy
2
(x)φmky− qy2 (x)Vc(x,q‖) (C4)
V nmv± =
∫
dxφnky+
qy
2
(x)φmky− qy2 (x)Vv(x,q‖ ± b).
Instead of calculating the full transfer matrix, the system
is partitioned into slices along z, and the transfer matrix
is computed for each slice individually34. These trans-
fer matrices, connecting different sides of a finite system,
are transformed to scattering matrices, connecting left-
and right-moving channels48,49. The conductance is ob-
tained from the concatenated scattering matrix via the
Landauer formula, as elaborated in the main text.
7Appendix D: Experimental signatures of the
angle-dependent magnetoresistance
Signatures of the angle-dependent magnetoresistance
discussed in the main text could be observed in both
Dirac and Weyl semimetals. The ideal experiment for
the identification of the strong angular dependence of
τv on the angle between node separation and magnetic
field requires a time-reversal symmetry breaking Weyl
semimetal with a single pair of Weyl nodes. In this case,
the internode scattering time is directly accessible by
rotating the magnetic field and measuring the conduc-
tance along the direction parallel to the magnetic field.
This may, for example, be achieved using terahertz spec-
troscopy that offers the advantageous possibility of con-
tactless conductance measurements50.
Having only two nodes is, however, not a necessary
condition, and the effect is also observable in systems
with more nodes. If, for example, four Weyl nodes are
arranged in a squarelike pattern in momentum space, re-
laxation processes between all four Weyl nodes are im-
portant. The internode scattering time shown in Fig. 2
in the main text is, different from the case of two Weyl
nodes, the same at angles 0, pi/2, pi with dips in between.
The behavior shown in Fig. 2 is restored when the two
pairs of Weyl nodes get separated in momentum space, so
that only scattering processes between those nodes close
to each other are important.
In Dirac semimetals, a magnetic field splits a Dirac
node into two Weyl nodes or nodal lines51, depending on
the details of the underlying Hamiltonian. In the case
when a magnetic field splits a Dirac node into two Weyl
nodes, the relevance of our work depends on the combi-
nation of the splitting direction and the relative size of
the momentum-space distance between the original Dirac
nodes and their splitting. If the latter spacing is consid-
erably smaller, the effect discussed in the main text will
be operational.
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